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(57) Abstract: A method of operating an immersion lithography system (26), including steps of immersing at least a portion of a 
wafer ( 12) to be exposed in an immersion medium (24), wherein the immersion medium comprises at least one bubble (28); directing 
an ultrasonic wave (36) through at least a portion of the immersion medium to disrupt and/or dissipate the at least one bubble; and 
exposing the wafer with an exposure pattern (22) by passing electromagnetic radiation through the immersion medium subsequent 
to the directing. Also disclosed is a monitoring and control system (30, 32, 34) for an immersion lithography system (26). 
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METHOD AND APPARATUS FOR ELIMINATION OF BUBBLES 
IN IMMERSION MEDIUM IN IMMERSION LITHOGRAPHY SYSTEMS 

TECHNICAL FIELD 

The present invention relates generally to the field of integrated circuit manufacture and, more 
particularly, to a method and apparatus for elimination of bubbles in immersion medium in immersion 
lithography systems. 

BACKGROUND 

The formation of various integrated circuit (IC) structures on a wafer often relies on lithographic 
processes, sometimes referred to as photolithography. For instance, patterns can be formed from a photo resist 
(PR) layer by passing light energy through a mask (or reticle) having an arrangement to image the desired 
pattern onto the PR layer. As a result, the pattern is transferred to the PR layer. In areas where the PR is 
sufficiently exposed and after a development cycle, the PR material can become soluble such that it can be 
removed to selectively expose an underlying layer (e.g., a semiconductor layer, a metal or metal containing 
layer, a dielectric layer, etc.). Portions of the PR layer not exposed to a threshold amount of light energy will 
not be removed and serve to protect the underlying layer. The exposed portions of the underlying layer can 
then be etched (e.g., by using a chemical wet etch or a dry reactive ion etch (RIE)) such that the pattern formed 
from the PR layer is transferred to the underlying layer. Alternatively, the PR layer can be used to block 
dopant implantation into the protected portions of the underlying layer or to retard reaction of the protected 
portions of the underlying layer. Thereafter, the remaining portions of the PR layer can be stripped. 

There is a pervasive trend in the art of IC fabrication to increase the density with which various 
structures are arranged. As a result, there is a corresponding need to increase the resolution capability of 
lithography systems. One promising alternative to conventional optical lithography is a next-generation 
lithographic technique known as immersion lithography. In immersion lithography, the wafer to imaged by a 
lithography system is placed in a liquid medium, through which the patterned light is transmitted. The 
immersion medium replaces an air gap that is conventionally present between the final lens of a conventional 
dry lithography imaging system and the wafer. 

However, attempts to implement immersion lithography have encountered a number of challenges. 
For example, a bubble (or a plurality of bubbles), disposed in the immersion medium can adversely effect the 
quality of the exposure pattern incident on the wafer. If the bubble is in the immersion medium but away from 
the photo resist, it can disperse or scatter incident radiation, thus resulting in a blurring of the radiation and a 
resultant loss of focus. If the bubble is close to the photo resist, it can block the incident radiation by refracting 
the radiation. In either case, the presence of the bubble interferes with the lithography process. 

Accordingly, there exists a need in the art for improved immersion lithography systems and associated 
methods of eliminating bubbles from the immersion medium in immersion lithography systems. 
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SUMMARY OF THE INVENTION 

According to one embodiment of the invention, the invention is directed to a method of operating an 
immersion lithography system. The method can include immersing at least a portion of a wafer to be exposed 
in an immersion medium, in which the immersion medium contains at least one bubble;. directing an ultrasonic 
5 wave through at least a portion of the immersion medium to disrupt and/or dissipate the at least one bubble; 
and exposing the wafer with an exposure pattern by passing electromagnetic radiation through the immersion 
medium subsequent to the directing. As a result, the at least one bubble is dissipated or dispersed and the 
immersion medium is rendered into a state that is acceptable for exposing the wafer with an exposure pattern. 

In another embodiment, the invention relates to a method of operating an immersion lithography 
10 system, including immersing at least a portion of a wafer to be exposed in a liquid immersion medium, in 

which a traversal volume of the liquid immersion medium contains at least one bubble; directing an ultrasonic 
wave through at least the traversal volume to disrupt and/or dissipate the at least one bubble; and exposing the 
wafer with an exposure pattern by passing electromagnetic radiation through the traversal volume subsequent 
to the directing. As a result, the at least one bubble is dissipated or dispersed and at least the traversal volume 
15 of the immersion medium is rendered into a state that is acceptable for exposing the wafer with an exposure 
pattern. 

According to another aspect of the invention, the invention relates to a monitoring and control system 
for an immersion lithography system. The immersion lithography system can include, for example, the 
immersion lithography system including a chamber for receiving a wafer to be exposed and immersing the 
20 wafer in an immersion medium and an imaging subsystem for directing an exposure pattern towards the wafer 
and through a traversal volume of the immersion medium. The system further includes an immersion medium 
treatment subsystem including an ultrasonic generator for directing an ultrasonic wave through at least the 
traversal volume of the immersion medium through which the exposure pattern is configured to traverse; and a 
controller, the controller operable to direct the ultrasonic wave through the traversal volume for a time and at 
25 an energy to disrupt and/or dissipate at least one bubble in the traversal volume. 

As a result of the method and apparatus of the present invention, an immersion lithography system 
may be operated without interference or unwanted dispersion of the exposure pattern by bubbles present in the 
traversal volume as the exposure pattern is propagated through a traversal volume and towards the wafer. 

30 BRIEF DESCRIPTION OF DRAWINGS 

These and further features of the present invention will be apparent with reference to the following 
description and drawings, wherein: 

FIG. 1 is a schematic block diagram of a exemplary integrated circuit processing arrangement; and 

FIG. 2 is a schematic block diagram of an apparatus for elimination of bubbles in immersion medium 
35 for an exemplary integrated circuit processing arrangement. 

It should be appreciated that for simplicity and clarity of illustration, elements shown in the Figures 
have not necessarily been drawn to scale. For example, the dimensions of some of the elements are 
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exaggerated relative to each other for clarity. Further, where considered appropriate, reference numerals have 
been repeated among the Figures to indicate corresponding elements. 

DISCLOSURE OF INVENTION 

It should be appreciated that the process steps and structures described below do not form a complete 
process flow for manufacturing integrated circuits. The present invention can be practiced in conjunction with 
integrated circuit fabrication techniques currently used in the art, and only so much of the commonly practiced 
process steps are included as are necessary for an understanding of the present invention. 

The description herein is presented in the exemplary context of fabricating a wafer having an 
integrated circuit (IC) formed thereon. Example ICs include general purpose microprocessors made from 
thousands or millions of transistors, a flash memory array or any other dedicated circuitry. However, one 
skilled in the art will appreciate that the methods and devices described herein can also be applied to the 
fabrication of any article manufactured using lithography, such as micromachines, disk drive heads, gene chips, 
micro electro-mechanical systems (MEMS) and so forth. 

The apparatus and methods described herein can provide for real-time elimination of interferences in 
immersion lithography. Namely, the presence in the immersion medium of a bubble (or multiple bubbles), can 
be eliminated by applying an ultrasonic wave to the immersion medium to improve conditions for exposing a 
wafer. Bubbles can include, for example, a bubble which is suspended in the immersion medium, and a bubble 
which is attached to the photo resist. Even very small bubbles can interfere with the immersion lithography 
process. Therefore, the apparatus described herein can be employed to disrupt and/or dissipate the one or 
more bubble 28 in the immersion medium 24 (see Fig. 1 and the description below). The term "disrupt and/or 
dissipate" as used herein includes breaking up of the bubble into smaller bubbles, dissolution of the gas of the 
bubble into the immersion medium, dispersion of the bubble, dislodging of the bubble from an attachment to a 
solid surface, and any other process by which the bubble is destroyed, moved or otherwise altered so that it no 
longer interferes with the immersion lithography process. 

As used herein, the terms "immersing a wafer" and "immersing at least a portion of a wafer" include 
both application of an immersion medium to the entire surface of a wafer and application of an immersion 
medium to a portion of the surface of the wafer, less than the entire surface. In one embodiment, the 
immersion lithography tool does not require the immersion of the entire wafer into the immersion medium. In 
such an embodiment, a liquid immersion medium will be injected between the wafer and the final optical 
element from which the electromagnetic radiation used to expose the photo resist on the wafer comes. For 
example, a fluid jet may be used for such purpose. After exposure, a recovery system such as, for example, a 
suction port, will remove the immersion medium at the exit of the flow area. The wafer stage then will move 
around underneath the lens element to apply the immersion medium to and then expose each individual die on 
the wafer to each die on the wafer in turn. Thus, in this embodiment only part of the wafer will be covered by 
the immersion medium at any given time. In another embodiment, the entire wafer will be submerged into the 
immersion medium, and the wafer stage will be moved so that each die can be exposed without separate steps 
of providing and removing the immersion medium for each die on the wafer between exposures. 
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As used herein, included within the scope of the term "bubble" are both a microbubble and a 
nanobubble. The present invention is applicable to both microbubbles and nanobubbles, as well as to larger 
bubbles which may be present in the immersion medium. In one embodiment, a microbubble may have a 
diameter in the range from about 0.5 micron (urn) to about 1 0 urn. In another embodiment, a nanobubble may 
5 have a diameter in the range from about 30 nanometers (nm) to about 500 nm (0.5 urn). The formation of 
nanobubbles may be driven by material outgassing or the attachment of a free bubble onto a surface. The 
attached nanobubble may be more difficult to remove since it is not in the immersion medium. 

The maximum size of a bubble in the system may be limited by the geometry and flow rate of the 
system. That is, a very large bubble may be broken up into a number of smaller bubbles by shear forces in the 
10 immersion medium. The thermodynamics of the immersion medium also affect the size of bubbles which can 
exist, since media containing different materials (e.g., water or perfluoropolymers) impose different effects on 
bubbles. In general, the larger the bubble, the more detrimental its effects. However, any bubble in the 
traversal zone is likely to have an adverse effect. 

In one embodiment, the one or more bubble 28 has a diameter in the range from about 20 nm to about 
15 100 pm. In another embodiment, the diameter of the one or more bubble 28 is in the range from about 30 nm 
to about 10 pm, and in another embodiment, a diameter from about 30 nm to about 500 nm and in another 
embodiment from about 0.5 pm to about 10 pm. Since it is expected that a bubble will have a substantially 
spherical shape, the size is referred to as a diameter. If the bubble has a non-spherical shape, the disclosed size 
range refers to its largest dimension. 
20 In one embodiment, the one or more bubble 28 has a diameter or size sufficient to interfere with the 

electromagnetic radiation used in the exposing. Interference with the electromagnetic radiation includes any 
effect, for example, reflection, refraction or absorption of the radiation which results in incorrect or undesired 
effects on the pattern sought in the exposing. Thus, the size may be great enough, relative to the wavelength of 
the electromagnetic radiation to block, scatter, blur or otherwise interfere with propagation of the radiation. In 
25 one embodiment, the size of the bubble 28 is comparable to or greater than the wavelength of the incident 
electromagnetic radiation. In one embodiment, as a result of the present invention, there is reduced 
interference with the electromagnetic radiation used in the immersion lithography following application of the 
ultrasonic wave 36 to disrupt and/or dissipate the one or more bubble 28. 

Referring to FIG. 1 , illustrated is a schematic block diagram of an exemplary IC processing 
30 arrangement that includes an immersion lithography system 10 used to image a pattern onto a wafer 12, or a 
region thereof. The system 10 can be, for example, a step-and-repeat exposure system or a step-and-scan 
exposure system, but is not limited to these example systems. The system 10 can include a light source 14 for 
directing light energy 16 towards a mask 18 (sometimes referred to as a reticle). The light energy 16 can have, 
for example, a deep ultraviolet (DUV) wavelength (e.g., about 248 nm or about 193 nm) or a vacuum 
35 ultraviolet (VLTV) wavelength (e.g., about 157 nm). 

The mask 18 selectively blocks light energy 16 such that a light energy pattern 16' defined by the 
mask 18 is transferred towards the wafer 12. An imaging subsystem 20, such as a stepper assembly or a 
scanner assembly, sequentially directs the energy pattern 16* transmitted by the mask 18 to a series of desired 
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locations on a photo resist on the wafer 12. The imaging subsystem 20 may include a series of lenses and/or 
reflectors for use in scaling and directing the energy pattern 16' towards the wafer 12 in the form of an imaging 
(or exposure) light energy pattern 22. 

The imaging pattern 22 (or exposure pattern) is transmitted by the imaging subsystem 20 through an 
5 immersion fluid, or immersion medium 24, that has a relatively high index of refraction (e.g., an index of 
refraction greater than I). The immersion medium 24 can be a liquid. In one example, purified de-ionized 
water can be used in conjunction with a 193 nm light source 14 (e.g., an argon fluorine (ArF) laser). In 
another example, polyfluoroethers can be used in conjunction with a 157 nm light source 14. The immersion 
medium should be a material which is transparent to the wavelength of the light or electromagnetic radiation 
10 source used in the immersion lithography process. The immersion medium, in one embodiment, has a 

refractive index higher than that of air, and in one embodiment, has a refractive index which is comparable to 
that of the optics employed. 

Referring next to FIG. 2, there is shown a schematic block diagram of relevant components of an 
immersion lithography system assembly 26 for use with the exemplary IC processing arrangement 10. An 
] 5 exemplary bubble 28 is shown in the immersion medium 24 in Fig. 2. As will be understood, while a single 
bubble 28 is shown, and a single bubble is sufficient to create problems in the immersion lithography, a 
plurality of such bubbles 28 may be present. The assembly 26 includes the imaging subsystem 20, a controller 
30, an immersion medium control 32, and an ultrasonic assembly 34. As will be understood by those having 
ordinary skill in the art, the presence of the bubble 28 in the immersion medium 24 can have a detrimental 
20 effect on the imaging pattern 22 output by the imaging subsystem 20 and incident on the wafer 12. For 

instance, the bubble 28 may absorb or scatter a portion of the imaging pattern 22. Thus, the presence of one or 
more such bubbles 28 can lead to defects in the integrated circuit being fabricated on the wafer 12. 

In one embodiment, the immersion medium 24 fills the space between the photo resist and the lens or 
optics in the imaging subsystem. In one embodiment, the space or gap between the photo resist and the optics, 
25 filled by the immersion medium, is from about 0.25 mm to about 5 mm, and in one embodiment from about 0.5 
mm to about 2 mm across. Thus, in one embodiment, the traversal volume has a thickness or traversal length 
in these ranges. 

While not to be bound by theory, the possible sources of the bubbles 28 may vary widely. For 
example, turbulence in the immersion medium 24 may cause bubbles to form and/or become submersed in the 

30 immersion medium 24. One source of turbulence can be the movement of a stage (not shown) upon which the 
wafer 1 2 may be mounted and moved relative to the imaging subsystem 20. For example, the wafer 12 may be 
exposed, then moved about 30 mm to a new location and stopped for a second exposure and so forth. Wafer 
motion rates can be about 250 mm/second to about 500 mm/second. This movement may create turbulence or 
other changes to the properties of the immersion medium 24 that could result in the formation of bubbles. In 

35 addition, it is contemplated that the immersion medium 24 may be purposefully placed in motion (e.g., in a 
flow pattern over the wafer 12) or subjected to hydraulic pressure. During exposure, gases may be generated 
in the photoresist. These gases could dissolve in the immersion medium, ultimately leading to bubble 
formation. It is also contemplated that a bubble 28 may be carried on the wafer and brought into the 
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immersion medium 24 where the bubble 28 may either remain attached or dislodge from the wafer 12 and 
"float" in the immersion medium 24. In addition, as will be understood, the immersion medium may contain 
dissolved gases, such as air or other gases resulting from chemical reactions, which may merge together to 
form bubbles. 

5 In one embodiment, it is desirable to monitor Ihe immersion medium 24 for the presence of bubbles 

28. Thus, the system 26 may include a bubble detection means (not shown). Such detection means are shown 
and described in copending, commonly assigned U.S. Patent Application Serial No. 10/638,927, filed 1 1 
August 2003, (Attorney Docket No. H1531), entitled METHOD AND APPARATUS FOR MONITORING 
AND CONTROLLING IMAGING IN IMMERSION LITHOGRAPHY SYSTEMS, the disclosure of which is 

10 referenced for its teachings relating to detection, monitoring and controlling the presence of bubbles in 
immersion lithography systems. Where such monitoring means is included in the system 26, it may be 
disposed, for example, at right angles to the direction of propagation of the ultrasonic wave, or at other suitable 
locations with respect to the immersion medium. 

Accordingly, the assembly 26 can include a controller 30, such as a computer programmed to control 

15 the IC processing arrangement 10 (including the light source 14, the mask/reticle 18 and the imaging 

subsystem 20), an immersion medium control subsystem 32, and an ultrasonic subsystem 34. As depicted in 
Fig. 2, the ultrasonic subsystem 34 is arranged to output an ultrasonic wave 36 to interact with and disrupt 
and/or dissipate the bubble 28 which is located in a volume 38 of the immersion medium 24 which is traversed 
by the output from the imaging subsystem 20. The volume 38 is referred to herein as the traversal volume 38. 

20 The traversal volume 38 is a part of the immersion medium 24. While the bubble 28 may occur in any portion 
of the immersion medium 24, the traversal volume 38 is the part of most concern with respect to the possible 
presence of the bubble 28. 

As indicated, the imaging subsystem 20 can include an output lens 40, or other final optical structure. 
In the embodiment illustrated in Fig. 2, at least a portion of the imaging subsystem 20, including the lens 40, 

25 extends into a chamber 42 containing the immersion medium 24 and the wafer 12. The lens 40 will be in 
intimate contact with the immersion medium 24 such that the imaging pattern 22 output by the lens 40 is 
projected through the immersion medium 24 and is incident onto at least a portion of the wafer 12, which is 
disposed or immersed in the immersion medium 24. 

As noted, the traversal volume 38 of the immersion medium 24 in the exposure field of the imaging 

30 pattern 22 is the volume or portion of the immersion medium 24 through which the imaging pattern 22 

traverses. In one embodiment, the lens 40 can be disposed about 1 mm above the wafer 12. Embodiments 
with other traversal lengths are disclosed above. However, the distance between the lens 40 and wafer 1 2 may 
vary depending on the illumination wavelength, the immersion medium 24, the specific processing 
arrangement 10, the devices being fabricated on the wafer 12, the particular photo resist employed, and so 

35 forth. In one embodiment, the traversal volume 38 can cover an area, for example about 25 mm x about 10 
mm (with the above-disclosed traversal length constituting the third dimension of the traversal volume 38), 
although in various embodiments these parameters can vary widely. 
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In one embodiment, the immersion medium 24 is a material which is not affected by the radiation 
which traverses the medium, and which has a refractive index substantially similar to that of the lens 40. The 
immersion medium 24 acts in an analogous manner to the immersion liquid used in an optical microscope, as 
will be understood by those of ordinary skill in the art. 
5 The ultrasonic subsystem 34 includes elements normally found in an ultrasonic device, such as a 

power supply, a transducer or ultrasonic generator 48 to convert input electrical energy to vibrations at the 
selected operating frequency, and a sonotrode 50 which resonates at the operating frequency and is the point 
from which the ultrasonic wave is output from the ultrasonic subsystem 34. The power supply converts 
electrical power to the frequency, voltage and current selected by the controller 30 for the ultrasonic subsystem 

10 34. The power supply (not shown) may include an automatic regulation system which supplies the correct 
amount of power to maintain the ultrasonic vibrations at the specified amplitude. The amplitude of the 
vibrations in the wave 36 may range, for example, in one embodiment from about 0. 1 to about 50 microns, and 
in another embodiment, from about 1 to about 20 microns. In one embodiment, the ultrasonic wave 36 has a 
frequency in the range from about 20 kHz to about 50 MHz, and in one embodiment, from about 20 kHz to 

15 about 500 kHz, and in another embodiment, from about 20 kHz to about 100 kHz. In one embodiment, the 
wave 36 is a longitudinal wave. In a longitudinal wave, the wave is propagated through a medium and the 
particles of the medium are disturbed or move in the same direction as the ultrasonic wave, e.g., when the 
ultrasonic wave moves left to right, the particles move left to right. The ultrasonic wave is composed of 
compressions, where the particles are closer together than normal, and rarefactions, where the particles are 

20 farther apart than normal. 

In one embodiment, the energy or power imparted by the ultrasonic subsystem is in the range from 
about 0. 1 to about 1 00 watts. In another embodiment, the energy or power is in the range from about 1 to 
about 50 watts. 

Here and elsewhere in the specification and claims, the numerical limits of the disclosed ranges and 
25 ratios may be combined. Thus, for example, in the foregoing energies, although a range from about 0.1 to 

about 50 watts is not specifically disclosed, this range is considered to be included in the foregoing disclosure. 

In one embodiment, the ultrasonic wave 36 generated by the ultrasonic assembly 34 comprises several 
discrete waves, providing multiple waves 36 to simultaneously disrupt and/or dissipate bubbles 28 in the 
immersion medium 24 throughout the entire volume of the traversal volume 40. If needed, additional 
30 ultrasonic assemblies 34 can be added, although one is generally expected to be sufficient. For simplicity, the 
single ultrasonic wave 36 is shown and described. However, implementing a multiple wave system should be 
apparent to one of ordinary skill in the art. For example, a second ultrasonic subsystem may be disposed to 
generate an ultrasonic wave propagating at right angles to the ultrasonic wave 36. In such an embodiment, the 
frequency, time and power of the second ultrasonic wave may be independently selected and applied. 
35 The ultrasonic subsystem 34 should be controlled to generate an output frequency, time and power 

level appropriate to avoid damage to or activation of the photo resist disposed on the wafer 12, and to avoid 
damaging structures already formed on the wafer 12. 
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The chamber 42 includes an entrance window 44 through which the ultrasonic wave 36 generated by 
the ultrasonic subsystem 34 enters the chamber 44. The window 44 should be transmissive of the frequency of 
the wave 36, and may include a mechanical attachment to the sonotrode for facilitating transmission of the 
wave 36. In one embodiment, the window 44 comprises the faceplate or vibratory surface of the sonotrode. In 
5 one embodiment, the vibratory surface of the sonotrode is adjacent to, and in one embodiment, is integral with, 
the window 44. 

In one embodiment, the bubbles comprise air. In other embodiments, the bubbles comprise other 
gases, such as gases generated by chemical reactions associated with the mask or reticle or entrained in or on 
the mask or reticle. 

10 When the ultrasonic wave 36 encounters the bubble 28, the wave 36 will transmit its energy at its 

frequency to the bubble 28, thus causing it to break apart, that is, to be disrupted and/or dissipated. In one 
embodiment, the ultrasonic wave 36 disrupts the localized structure of the immersion medium 24 to disrupt 
and/or dissipate the at least one bubble 28. Disruption and/or dissipation of the bubble 28 is schematically 
depicted by the arrows 46 in Fig. 2. In one embodiment, the energy imparted by the wave 36 may cause the 

15 bubble to burst into a plurality of smaller bubbles which may then dissolve in the medium 24, or it may cause 
the gas or gases of which the bubble is composed to directly dissolve into the medium 24. In another 
embodiment, imparting the energy carried by the wave 36 to the bubble 28 may simply result in movement of 
the bubble 28 out of the traversal volume 38. 

In one embodiment, the ultrasonic wave 36 is applied for a very brief period. As will be recognized, 

20 ultrasonic energy can impart a great deal of energy to a medium such as the immersion medium, and imparting 
too great an amount of energy may be detrimental. Therefore, it may be desirable to apply the ultrasonic 
energy for limited, brief periods only as needed to remove bubbles. In one embodiment, the ultrasonic wave 
36 may be applied for a period ranging from about 1 microsecond to about 500 milliseconds, and in one 
embodiment for a period ranging from about 100 microseconds to about 10 milliseconds. As will be 

25 understood, the temporal duration of the ultrasonic energy application will depend to some degree on the 

frequency of the ultrasonic wave 36, a higher frequency requiring a shorter duration to input a given number of 
vibrations or pulses to the immersion medium and to the one or more bubble 28. For example, at a frequency 
of 100 kHz, in one millisecond, 100 cycles or pulses will be applied to the immersion medium 24. This may 
be a sufficient number to disrupt and/or dissipate a bubble 28 in the immersion medium 24. The amount of 

30 energy required to disrupt and/or dissipate any given bubble will also depend on the size of the bubble and on 
the nature of the liquid in which the bubble is located. For example, more energy may be required to disrupt 
and/or dissipate a bubble in a very viscous liquid or in a non-polar liquid, while less energy may be required 
for a less viscous, more polar liquid such as water. As will be understood, solubility of the gas of which the 
bubble 28 is comprised in the immersion medium 24 depends, inter alia, on the nature and temperature of both 

35 the gas and the medium. Some amount of experimentation will easily reveal the duration of pulses and the 
frequency of the ultrasonic wave 36 needed for a given situation or process. 

Any or all of the foregoing factors may be varied and adjusted to optimize the disruption and/or 
dissipation of the one or more bubble in the traversal volume or the immersion medium as a whole. 
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In an embodiment in which no detector is included as part of the immersion lithography system 
assembly 26, the ultrasonic wave 36 may be applied to the immersion medium for a predetermined time and 
frequency, to disrupt and/or dissipate any bubble 28 which may be present in the traversal volume 38 or the 
immersion medium 24. In one embodiment, the ultrasonic subsystem 34 may be operated to output a range of 
5 frequencies, amplitudes and powers. Such frequencies, amplitudes and powers may be preselected based on 
predetermined criteria or on experience, to cover the range of bubbles 28 which may be present. 

In an embodiment in which a detector is included as part of the immersion lithography system 
assembly 26 (as disclosed in the above-referenced copending application), information obtained from the 
detector may be used by the controller 30 to control the ultrasonic subsystem 34 to output a range of 
1 0 frequencies, amplitudes and/or powers appropriate to the size and/or identity of the bubbles 28 detected by the 
system. For example, the presence or absence of a bubble 28 can be determined by comparing information 
obtained from laser beams transmitted through the immersion medium 24. Such information may be based on 
diminishment of the laser beam or by the presence of scattered light produced when the laser beam is incident 
upon the bubble 28. 

15 If no bubble 28 is detected, or if one or more bubbles 28 are detected and are disrupted and/or 

dissipated by the ultrasonic beam 46, the controller 30 can issue commands to the system 10 to expose the 
photo resist on the wafer 12, thereby completing the step of exposing. Thereafter, the immersion lithography 
process can be continued by carrying out other steps known in the art. 

In one embodiment, the present invention further relates to the immersion lithography system 26, 

20 which may include the elements of the immersion lithography system 1 0 together with the elements of the 
immersion lithography system 26. The system 26 includes the chamber 42 for receiving a wafer 12 to be 
exposed and for immersing the wafer in the immersion medium 24. The system 26 further includes the 
imaging subsystem 20 for directing an exposure pattern 22 towards the wafer 12 and through the traversal 
volume 38 of the immersion medium 24. The system 26 further includes an immersion medium ultrasonic 

25 treatment subsystem 34 including an ultrasonic generator for directing the ultrasonic wave 36 through at least 
the traversal volume 38 of the immersion medium 24 through which the exposure pattern 22 is configured to 
traverse. The system 26 further includes the controller 30. The controller 30 is operable to direct an ultrasonic 
generator 48 to create the ultrasonic wave 36 and to cause it to propagate through the traversal volume 38 for a 
time and at an energy to disrupt and/or dissipate the at least one bubble 28 in the traversal volume 38. In one 

30 embodiment, the ultrasonic generator 48 includes a sonotrodc 50 disposed adjacent the immersion medium 24. 
In one embodiment, the sonotrode 50 is adjacent to, and in one embodiment the sonotrode 50 is integral with, 
the window 44, as shown in Fig. 2. 

Although particular embodiments of the invention have been described in detail, it is understood that 
the invention is not limited correspondingly in scope, but includes all changes, modifications and equivalents 

35 coming within the spirit and terms of the claims appended hereto. 
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INDUSTRIAL APPLICABILITY 

The present invention relates generally to the field of integrated circuit manufacture and, more 
particularly, to a method and apparatus for elimination of bubbles in immersion medium in immersion 
lithography systems. The present invention provides a solution to problems including the presence of bubbles 
5 in the immersion medium of an immersion lithography system, thus advancing the art towards future 

generations of increased density with which various structures are arranged on semiconductor wafers. The 
present invention responds to the need to increase the resolution capability of lithography systems, to enable 
such increased densities. As a result of the method and apparatus of the present invention, an immersion 
lithography system may be operated without interference or unwanted dispersion of the exposure pattern by 
10 bubbles present in the traversal volume as the exposure pattern is propagated through a traversal volume and 
towards the wafer. 
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CLAIMS 

What is claimed is: 

1. A method of operating an immersion lithography system, comprising: 
immersing at least a portion of a wafer to be exposed in an immersion medium, wherein the 

immersion medium comprises at least one bubble; 

directing an ultrasonic wave into at least a portion of the immersion medium to disrupt and/or 
dissipate the at least one bubble; and 

exposing the wafer with an exposure pattern by passing electromagnetic radiation through the 
immersion medium subsequent to the directing. 

2. The method of claim 1, wherein at least one of the at least one bubble is disposed in a 
traversal volume of the immersion medium. 

3. The method of claim 1 , wherein the immersion medium comprises a refractive index 
substantially similar to a refractive index of optical elements in the system. 

4. The method of claim 1 , wherein the ultrasonic wave has a frequency in the range from about 
20,000 Hz to about 500 MHz. 

5. The method of claim I, wherein the ultrasonic wave disrupts localized structure of the 
immersion medium to disrupt and/or dissipate the at least one bubble. 

6. The method of claim 1, wherein the at least one bubble comprises a bubble having a 
diameter in a range from about 20 nm to about 100 pm and/or a diameter sufficient to interfere with the 
electromagnetic radiation used in the exposing. 

7. The method of claim I , wherein the bubbles comprise air bubbles. 

8. An immersion lithography system (26), the immersion lithography system (26) including a 
chamber (42) for receiving a wafer ( 1 2) to be exposed and immersing the wafer (1.2) in an immersion medium 
(24) and an imaging subsystem (20) for directing an exposure pattern (22) towards the wafer and through a 
traversal volume (38) of the immersion medium (24), comprising: 

an immersion medium treatment subsystem (34) including an ultrasonic generator (48) for directing 
an ultrasonic wave (36) through at least the traversal volume (38) of the immersion medium (24) through 
which the exposure pattern (22) is configured to traverse; and 

a controller (30), the controller (30) operable to direct the ultrasonic wave (36) through the traversal 
volume (38) for a time and at an energy to disrupt and/or dissipate at least one bubble in the traversal volume. 
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9. The system of claim 8, wherein the ultrasonic generator (48) comprises a sonotrode (50) 
disposed adjacent the immersion medium. 

5 10. The system of claim 8, wherein the ultrasonic wave (36) has a frequency in the range from 

about 20,000 Hz to about 500 MHz and/or the energy is in the range from about 0. 1 to about 1 00 watts. 


12 


WO 2005/022266 


1/1 


PCT/US2004/028371 


10 


14 


16 


18 


I 


16' 


20 


FIG. 1 


12 


22 


24 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property 
Organization 
Internationa] Bureau 



(43) International Publication Date (10) International Publication Number 

10 March 2005 (10.03.2005) PCT WO 2005/022266 A3 


(51) Internationa] Patent Classification 7 : G03F 7/20 

(21) International Application Number: 

PCT/US2004/02837 1 

(22) International Filing Date: 31 August 2004 (3 1 .08.2004) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

10/653,844 2 September 2003 (02.09.2003) US 

(71) Applicant (for all designated Stales except US): AD- 
VANCED MICRO DEVICES, INC. [US/US]; One 
AMD Place, Mail Stop 68, P.O. Box 3453, Sunnyvale, CA 
===== 94088-3453 (US). 

5SS (72) Inventors; and 

^= (75) Inventors/Applicants (for US only): PAWLOSKI, 

511 Adam, R. [US/US]; 2721 Buena View Ct., San Jose, CA 

^= 95 1 21 (US). ADO, Amr, Y. [EG/US] ; 506 Eagle Heights, 


Apt. L, Madison, WI 53705 (US). AMBLARD, Gilles, R. 
[FR/US]; 5838 Chambertin Dr., San Jose, CA 951 18 (US). 
LAFONTAINE, Bruno, M. [CA/US]; 356 Trenton Circle, 
Pleasanton, CA 94566 (US). LALOVIC, Ivan [US/US]; 
800 High School Way, #421, Mountain View, CA 94041 
(US). LEVINSON, Harry, J. [US/US]; 12508 Radoyka 
Dr., Saratoga, CA 95070 (US). SCHEFSKE, Jeffrey, A. 
[US/US]; 2598 Sierra Vista Ct., San Jose, CA 95116 (US). 
TABERY, Cyrus, E. [US/US]; 2250 Monroe, #366, Santa 
Clara, CA 95050 (US). TSAI, Frank [—/US]; 14660 Big 
Basin Way, #D, Saratoga, CA 95070 (US). 

(74) Agent: COLLOPY, Daniel, R.; One AMD Place, Mail 
Stop 68, P.O. Box 3453, Sunnyvale, CA 94088-3453 (US). 

(81) Designated States ( unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, VD, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, 

/ Continued on next page] 


(54) Title: IMMERSION MEDIUM BUBBLE ELIMINATION IN IMMERSION LITHOGRAPHY 


< 
o 

o 



(57) Abstract: A method of operating an immersion lithography system (26), including steps of immersing at least a portion of a 
wafer (12) to be exposed in an immersion medium (24), wherein the immersion medium comprises at least one bubble (28); directing 
an ultrasonic wave (36) through at least a portion of the immersion medium to disrupt and/or dissipate the at least one bubble; and 
exposing the wafer with an exposure pattern (22) by passing electromagnetic radiation through the immersion medium subsequent 
to the directing. Also disclosed is a monitoring and control system (30, 32, 34) for an immersion lithography system (26). 


WO 2005/022266 A3 1 Hill 1III1IK II Ullil Kill Hill Hill liH 1 II III IIDI Hill Ulll lllll I1U1 llll DIIID 1111 IBt (III 


TN, TR, IT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 


(84) Designated States ( unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 


Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the e\>ent of receipt of 
amendments 

(88) Date of publication of the international search report: 

1 September 2005 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


INTERNATIONAL SEARCH REPORT 

Interru^feal Application No 

PCT/US2004/028371 

A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G03F7/20 




According lo International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01L 603F 

Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category ° 

Citation of document, with Indication, where appropriate, of the relevant passages 

Relevant to claim No. 

X 
A 

US 5 610 683 A (TAKAHASHI ET AL) 
11 March 1997 (1997-03-11) 
abstract 
figures 1,2,8 

column 1, line 10 - line 14 
column 3, line 4 - line 18 
column 6, line 30 - line 48 
column 8, line 46 - column 9, line 48 

US 2002/163629 Al (SWITKES MICHAEL ET AL) 
7 November 2002 (2002-11-07) 
abstract 
figure 1 

paragraph '0004! - paragraph '0006! 
paragraph '0047! 

-/- 

1-10 
1,3,8 

| X [ Further documents are listed in Ihe continuation of box C. 

j)( | Patent family members are listed In annex. 

• Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E* earlier document but published on or after Ihe International 
filing date 

"L" document which may throw doubts on priority claim's) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O' document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the International filing date but 
later than the priority date claimed 

•T" later document published after the International filing date 
or priority date and not In contlict wllh the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannol be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

*Y* document of particular relevance; the claimed invention 

cannot be considered to Involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious lo a person skilled 
In the art. 

'&' document member of the same patent family 

Date ol Ihe actual completion of Ihe international search 

14 June 2005 

Date of mailing of Ihe International search report 

06/07/2005 

Name and mailing address of Ihe ISA 

European Patent Office, P.B. 5818 Patent laan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 eponl. 
Fax: (+31-70)340-3016 

Authorized officer 

Andersen, 0 


Form PCT7ISA/210 (second sheat) (January 2004) 


page 1 of 2 


INTERNATIONAL SEARCH REPORT 

Intern^fcal Application No 

PCT/US2004/028371 

C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 

Category ° 

Citation of document, with Indication, where appropriate, ot the relevant passages 

Relevani to claim No. 

A 

US 4 670 637 A (MORRISON ET AL) 
2 June 1987 (1987-06-02) 
abstract 
figure 1 

column 1, line 8 - line 11 
column 1, line 59 - line 63 


1,4,8 

E 

EP 1 489 461 A (ASML NETHERLANDS B.V) 
22 December 2004 (2004-12-22) 
abstract 
figures 1,6 
paragraph '0001! 

paragraph '0013! - paragraph '0024! 
paragraph '0043! 


1-10 


Form PCT/1SA/210 (oonlinuation of second shoot) (Januaiy 2004) 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 

jrmatlon en patent family members 

Intem^kl Application No 

PCTAJS2004/028371 

Patent document 
cited In search report 

Publication 
date 

Patent family 
member(s) 

Publication 
date 


US 5610683 A 11-03-1997 JP 2753930 B2 20-05-1998 

JP 6168866 A 14-06-1994 

DE 69321571 Dl 19-11-1998 

DE 69321571 T2 08-04-1999 

EP 0605103 Al 06-07-1994 


US 2002163629 Al 07-11-2002 W0 02091078 Al 14-11-2002 


US 4670637 A 02-06-1987 NONE 


EP 1489461 

A 

22-12-2004 EP 

1489461 Al 

22-12-2004 



EP 

1486827 A2 

15-12-2004 



JP 

2005005713 A 

06-01-2005 



US 

2005024609 Al 

03-02-2005 


Form PCT/ISA/210 (patent tamily annex) (January 2004) 


